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serious and were not caused by the size or general
layout.
The large rudders proved to be not only adequate,
but indeed had more than enough power to hold the
ship on a straight course; even with two engines on
one side stopped. The most important defect of the
plane was a poor take-off and climb. In order to keep
the engines close to the centre line, they were mounted
in two tandem groups on both sides of the fuselage.
This was done chiefly to protect the plane from the
danger of unsymmetrical thrust if one of the outer
engines should stop. The tests, however, showed that
there was a large margin in directional control, but
the propellers working one behind the other appar-
ently did lose their efficiency, particularly during the
take-off. After heavy rains there were times when the
"Grand" would be unable to gain enough speed to
leave the ground.
To remedy this and to obtain reliable comparative
data, the plane was altered in June, 1913. The two
rear engines were taken off and mounted outside on
the leading edge, transforming the installation into a
four-in-line. It was very interesting research because
it permitted us to compare the results of the two
different installations on the same plane. The change
resulted in a substantially improved take-off and a
slightly better climb. The rudders were still effective
enough to hold the plane against two engines stopped
on one side. The flight of the plane in general was
smooth, and the change of the direction of flight was
in itself slow. Therefore, even a complete and un-
expected loss of an engine would not disturb the
stability of the plane. Much other information was